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A method of altering the phenotype of a bird comprises introducing a DNA molecule into the muscle tissue of a bird con- 
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GENE TRANSFER IN BIRDS BY INTRODUCTION OF DNA 
INTO MUSCLE IN OVO 

Related Applications 
This application is a continuation-in-part of 
U.S. Patent Application Serial No, 07/826,030, filed 27 
January 1992, the content of which is herein incorporated 
by reference in its entirety. 

Field of the Invention 
This invention relates to the methods , of 
altering the . phenotype of birds by introducing foreign 
DNA into the muscle 



i 



10 . Backoround of the Invention 

Coimaercial poultry is an extremely import:ant 
source of food. ' However, there has been comparatively 
little attention given to methods of producing useful 
changes in the phenotype of birds through genetic 
1^ : techniques. ; This is imfortunat^e, /because 

such techniques offe^r, ^\ mith more rapid techni^^ for 
introducing desirable phenotypic traits! into 'birds t:han 
classical bree;ding techniques. "/\ : 
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Currently / the most wid investigated method 
, of ^ gene transfection in * poultry employs retroviral 
' vectors. Exemplary is Souza'et al. , J* .^^P^-*-' ^Q^^' 
465-473 (1984) , in which a retroviral ' vector encoding 
growth hormone was injected into the vascularized portion 
of the yolk sac of "9 day old^ embryos. See also Shuman 
and Shdf ter; Poult. Sci; 65/ 1437-14^4 (1986); Salter et 
kir: Pouitrv SciV 65, 1445-1468 (1986); Salter et al., 
Vi3?oloav 157 , " 236^24b'(1987j ; Bosselman et al-. Science 
24 3 V— ^SS-issS (1989) ; and' U. S. Patent No. 5,162,215 to 
Bosselman et al. ■ ^^^^ ' ^ ^ 

Nabel et al-, Science 249 1285-1288 (1990), and 
xanirr ^t ai: ■ ' , i . ^science .22 4 7 , 1445-1468 (1990), state that 
transient expression rof- 2-5 months may be obtained from 
15 J , direct microinjection .of DNA,^ but do not suggest how 
these techniques may be . applied to genetically 
engineering, poultry. ^^^-,N J^^^ ^^^^ "^^^ 

. expres55ion.Qf ^.DNA.encodij^ injected into 

porcine. . ; arterial . segments , was to the 

20 microinjection. ^ite, Acsadi et al. , ,New ^ioloqist 3, 71- 

81 (1991), state that myocardial cells to 
transiently, express injected foreign genes. 

.qiTnTciss et al. ■ Protoplasma 151, 164-166 (1989) 
indicate that primordial germ cell^^ Stage XVII embryos 
25 containing endogenous , retroviral sequences can be 

transferred to comparable recipient Stage XVI embryos 
that lack the retroviral marker by, cardiac puncture. At 
day 17 of incubation, dpt blots on recipient birds showed 
donor DNA to be present in tixe gonads, and traces of 
30 donor DNA to be present in the liver and heart tissues. 

The expression of the in j ected DNA molecules was not 
reported. 

■ ' PCT Patent Application Serial No . US90/01515 

^ ' disbidses a^^m^ nucleic acid sequence 

to the interior of a veirtfebrlkte c^^ injection of a DNA 
molecule into poultry was hot reported. 
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In view of the foregoing, an object of the 
present invention is to provide methods of changing the 
phenptype of birds through genetic engineering 
procedures. 

5 An additional object of the present invention 

, , . . is to . provide a method of changing the phenotype of birds 
in which expression of an exogenous^ DNA sequence is 
sufficient produce the phenotypic change. 

Another object of the present invention is to 
10 provide a method; of changing the phenotype of birds which 
is rapid and convenient. , , 

^ c. : r ■ . . Summary of the Invention v 

A first aspect MDf the present invention is a 
method of alter ing the phenotype of a bird. The method 
15 ^ comprised inti-oducihg a DNA molecule into the cells of a 
' bird" contaihed within an egg during in ovo incubation, 
with the DNA molebuie b^ing effective" to cause a change 
^ in pheriotype in thfe hatch (ie.g. , a change in 

^ growth rate," feed efficiency, disease- resistance, or a 
20 combination of all of thetsei f Introduction of 

the ^ Di^A may be * carried out by iany suitable means, 
including ■ in j ect ing the DNA molecule in ovo into any 
compartment ' 6t th^ ^gg "including the body of the embryo. 

Preferably, the egg into which the DNA is 
25 introduced IS incubated to hatch V and the bird so 

produced raise^^ the change in 

phenotype is expressed. 

A second aspect of t^^ present invention is a 
^ ^ bird produced by .the foregoing methods. 
^0 In an illustrative embodiment of the foregoing, - 

the DNA molecule is introduced into muscle tissue of the 
. bird in ovo preferably by direct, microinjection during 
. late emhtryonic development. ^ 

^ . A third .aspect of the present invention is a 
35 method for altering the phenotype of a bird comprising 
introducing a DNA molecule into the muscle tissue of a 
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bird contained ^^withih an in ovo incubation, 

wherein the DNA molecule is -effi&ctiVe in causing a change 
in phehotype in the bird after hatch. 

■A fourth aspect of the present invention is a 
5 method for immuhizirig a bird comprising introducing a DNA 

molecule into the tissue ^ of a ; bird contained 

^ within in an egg during in ovo incubation , wherein the 
^ DNA molecule is effective in inducing an immune response 

in* the bird. • ^ - 

^xo - * A fifth aspect of the present invention is a 

a - method for treating a bird comprising introd^^ a DNA 
molecule encoding for ah antigen into the muscle tissue 
of a bird contained within an egg during in ovo 
■ incubation iri ah amount sufficient to neutralize maternal 
15 antibodies. In a preferred embodiment, the DNA molecule 

is introduced at or^ after - the development of 
r ; 'immunocbmpetence by the bird. 
; > V 1 : A sixth aspect of the present invention is the 
^ . use of a DNA molecule for the preparation of a medicament 
20 for carrying oxit any of %he foragbihg 

) A seventh aspect of the present invention is an. 

-apparatus for the ( intfcductiori of a DNA molecule in an 
egg durincr in ovo inciabation for cariryinq out any of the 
foregoing methods.— - - ^ 

25 Brief Deseription Of Thb Drawings 

' The Figure illustriat^s d ^j^^^ method and 

apparatus for ihtroduciri^ substances into the muscle of 
birds in ovo. 

Detailed Description of the inveht?on 
30 There are several aspects of avian embryonic 

development which make it "a^^^ target for 

somatic b^i gene transfer J First, since the greatest 
period of embryonic development occurs in the egg outside 
' tihe maternal reproductive tract, tiie embryo can be easily 

35 ^ accessed for tlie introduction of exogenous DNA. 
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' ::x.lSe«?©nd, : the: -fact ^ that, t^ is a multi- 

coiapartmentaliz.ed. lunit :,can^; be exploited to deliver 
biological 'materialsf tQ.vspecif ic embarypnic sites. For 
- example, > the yolk in the early embryo functions to 

5 K manufacture blood. Inmiediately prior to hatching, the 
yolkvsac serves a primarily nutritional function and is 
taken into the intestinalr tract. and thereby transported 
to the cecal pouches during and after^ hatch. Therefore, 
yolk sac administration of materials can lead to both 
10 / embryonic cecal or vascular system delivery. : Vascular 
\ r > system delivery through . administration of DNA into the 
yolk - sac - would :. be > particularly c desirabl for 
administering DNA -constructs capable: of expressing 
^ ^ : \h> physiologically ^actiye,: peptides in the bird, such as 
15 V growth hprmone, , lymphokines such as interferon and 
V insulin-like growth factor, or thyroid 

releasing hormone (TRH) . In .addition,?, administration of 
, .a peptide or. DNA construct can be efficiently carried out 
:l=>y injection of the molecule .onto the chorio-allantoic 
:;JneinbrM^ membrane. Finally, access 

^ the,^^^^^ can be achieved. 

r ^by^ JlirecX^ embryonic injection; at transfer in the . last 
; ^art^r of i preferably, 
preferably in days 17-19 of. inctibationi: 

Third, it is of no deleterious consequence if 
*^^^^^°^f*^L^^^ chicken is chimeric, so long 

. as ^ phYsiolp^icaL r^ is achieved in the animal 

. y ^^P^?^ hatch sufficient to, evoke the . phenotypic change 
sought . 

3 0 The foregoing and other aspects of the present 

inventjlon. are explained in greater detail below. 

A. Phenotypic Alteration 

_ The present invention prbyid^^ a number of 
^.ethods of altering thie phenotype of a bird after hatch 
35 ^ ovo intrbduction of a DNA molecule to the bird. As 

y used herein, an altered "phenotype" of a bird is intended 

SHEET 
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to' encciinpass a sustained ^OfCeration in the cellular 
biochemistry of a tHe egression of a foreign DNA 

molecule within the tissues of 1:he bird/ which alteration 
' results "in W change iri ^ one or' more physical 
5 " characteristics of ' the bird. Thus under this definition 
an altered phehotype can be a charigb in size, appearance, 
endocrine response growth rate, immune response to 
specific antigens/ metabolic rate, feed consumption and 
efficiency, gender, and the like. Alternatively stated, 
10 the present invention provides methods for inducing a 

physioibgicai response (e.g. , an immune response, or a 
hormbnai or endocrine response) in a bird after hatch 
through ^dmihistering' to a bird in ovo a DNA molecule 
- encoding knd expressing 4 peptide, which DNA molecule is 

15 administered in ah- amoxint effective to induce said 

physioibgicai response after hatch. Note that the 
i>hysxological response may' be directly induced after 
^ hatch; ot may be indirectly induced afrer hatch (such as 
by induction of a physioibgicai reispohse prior to hatch 
20 which endures after hatch. ' ^ ^ 

A particular aiitered phienbtype of interest is 
a change in inmtme response of a DNA 

molecule immiinizes the bird. Exempiary DNA molecules for 
V • introduction are thos^^ that encode a protective antigenic 
25 protein^ that induces aii ' immune response from the 

recipient bird This ban be done iii combination with or, 
more preferably, ih lieil of ; ' vaccination of the bird to 
protect against a spebific pathogen. 

Altering the endogenous immune response of a 
- 30 bird in ovo is of .partictilar interest due to the jpresence 

of maternal antibodies in embryc^nic and young mammals and 
birds. Maternal antibodies caii iriterf ere with typical 
vaccination ' programs ^ for these ' animals . These 
antibodies, provided to the neoiiate from 'the bloodstream 
'-35' of the mother, cohjugaite with specific antigexis and thus. 

provide natural protection^ again prior 
:^^ r.^;; y to the devfelo^iaerit of immiihbcompetehbe by the neonate • 
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Unfortuna^ejly;, : inaternal antibodies can also hinder 
; typical , I^h^y bind to the 

iirimun9gen4^ r^coiappnent of. the ^ vaccine. : and thus inhibit 
.^neonatal , production of antibodies. _ The presence of 
5 . inaternal antibpdies precludes vaccination early in the 
development, pf the ...neonate. Typically, multiple 
vaccination protocols are required so that active 
; ; , r immunization can occur onc<e maternal antibody levels have 
J, , . decreased , to a sufficieritly low ^1 they will no 

10 longer interfere with the vaccine . 

, r; The present invention provicies a novel strategy 

. for counteracting, mater:pal. . antibody .int^ with 
; . vaccination. ; One^aspect of this invention is a method of 
,r ^ - immunizing a t>irca comprising intrpdjucing a DNA molecule 
/ 15 that encodes an antigen, into the muscle tissue of a bird 

contained within an egg . in ovo in. an amount sufficient to 
. . - • neutralize maternal . antibodies . , Once neutralized, the 
> . i maternal antibodies no longer inter fere, with a vaccine 
corit^ining the^ antigen; thus such, a, yapcine can be used 
20 to immrmize the bir-d, Alternatively, ; the DNA. molecule 

can be introduced in ^an amount effective so that, upon 
/ expression, not only does the antigen neutralize maternal 
antibodies, but alsp ..provides an . immunogen which 
yaccinates the bird against, a specif ic p^ 

The DNA molecule introduced can be any molecule 
^P^i3®n that , will neutralize maternal 
^^ ^"^^^'^^^^^i®^ P^^s^'^t Exemplary antigens of 

interest include, those produced by Giimboro Disease virus, 
l^ewcastle Disease yirus (NDV) , Infectious Bursal Disease 
30., yirus (IBDV) , Rous , earcoma virus, E. coll, and coccidia. 

The DNA . molecule can be in-troduced by any of 
'".^^o^s set, fprth in, Section C . below, and can 
ppmprise , any of,. , the. ..DNA . construct : configurations set 
,, . for^h.-'belpw.,,.^^ -• .:.-.,•<■ •. . .-.,.., ,...--.•„ 

. It is,, prefe^^ that the DNA molecule be 
sp, ,1^^J3|t^ is expressed as or after 

■the -eiinbryo de^^ i^unoco||petence,^ is generally 
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in the last qilarter of incuoattxon/ At immxinocoitipetence , 
surf ace antigens " encoded by " the DNA construct can 
stimulate' both a B-- and I'-cell response; resulting in 
immunization before challenge by pathogens encountered in 
5 the field after hatch. The timing ahd the duration of 

the last quarter of incubation varies among different 
avian species due to the viariation in incubation 
duration i For examt)iiB, for chickens, the last quarter of 
incubation is from about day 16 to hatch; for turkeys, 
10 the* last quarter xs" from aboTit day 19 to hatch. 

^ B . ^ubi^cts and Time of j^A mi r%A g-ii ration 

^e present "i]ivefitlt>h iaay be cairried out on any 
avian subject/ including, iDUt not limited to, chickens, 
turkeys, ducks, geese, quail, and ph^ksant. The DNA may 
15 be ihtrodiiced in ovo at any tiitie during incubation, the 

diiration of which will vary depending upon the species. 
-For examt)ie, DNA" m^^ be ^introduced ' ihto chicken eggs 
' early' i^ 2 and 3 of 

incubation) ? or late iri ihcubktion (^-^- # during the last 
20: quarter bif inciibatlon; i .e/, between about 16 and 21 days 
of incubation) . 

Tlie DNA* mdiiscuie may be introduced into any 
region of the egg, iridluding the air ceil, the albumen, 
the chorio-allahtoic me^^ the yolk, 

25 the allantoisV the knm^onj or direcrbly ihtb the embryonic 
bird. In a preferred eiabodimerit' of the invention, the 
DNA molecule is xntroduced irito muscle tissue of the 
embryonic bird^ and in a more- preferred embodiment, the 
V DNA molecule is introduced into skeletal muscle tissue. 

30 Introduction of a DNA molecule encoding a protein which 

' - remat ins within the' muscle cell c used to administer 

a foreign protein directly afid specifically to muscle 
' cellsv Alternatively, a DNZi^ ban" be introduced 

which encodes a protein which will " be sfecreted from the 
:: 35'v > muscle cell ; this method' can be '^u^ to deliver a protein 
'X T. : to the entire body of tdle %ird Contact between 
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the muscle, .tisgue . and plasma.,- Exemplary skeletal muscle 
tissue introduction ..sites are -breast muscle and pipping 
muscle, tissue, which are located ne^r the eggshell and 
, thus are relatively easily reached by„ injection apparatus 
5 without damage to other embryonic structures . 
•\ . . . • *' • , . . .• , ' 

C. DKA Constructs . 

The, . DNA% molecule , introduced in ovo is, in 
general,, a .construct comprising of a prompter functional 
. ; in avian cells and . a :gene encoding a peptide or protein 
10 operably linked to the promoter. Preferably, the protein 

or peptide is ..physiologiqally . active and capable of 
producing a phenpty^sic change, , in the bird. In general, 
the DNA construct, may. be a linear DNA molecule or a 
molecule carried by a vector, or. other suitable carrier 
15 such as liposomes, calcium phosphate, prDMSO. Vectors, 
as discussed below,, may be plasmids, viruses (including 
retrovirusets) , . and phage, ^whether ^^^^^^i^ native form or 
derivatives thereof . The DNA molecule preferably should 
not contain, retroviral DNA. portipns sufficient for 
^9 : integration of the infecting DNA into the. chromosomal DNA 
of the host bird. 

Illustrative .of . genes encoding a protein or 
. , peptide are. those, which encode a protein or peptide 
- 1 . selected from tJi^.. group consisting of growth hormone, 
^ - : thyroid, releasing hormone (TRH) , epidermal growth factor, 
: and immunogenic recpinbinant antigens such as those 

, . produced by Marekis Disease Infectious Bronchitis 

yijnis, mycoplasma., . Avian Leucosis Virus, reiovirus, Pox 
Virus, Adenovirus, , cir^ chicken anemia agent, 

30 PastBxzxtella species, , avian influenza virus,, Marekis MDX, 
Gumbpro Disease virus, Newcastle Disease Virus (NDV) , 
.... Infectiouf. Bursal Disease. ^irus (IBDV)^ .Rous sarcoma 
. .virus,- JPschej^^ , coli, and £lineria>. species such as 
, . Eim^ria tenella.-v (causing coccidiosis) . > 
35 ^ • . ^ The, prpduction. of ; cloned genes recombinant 

. . . , P^^f r: J^^^?^*P^f 4r c^°(?t. ' jP®lis f proteins and 
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pirdtein fragni^nts by genetic -engineering -is well known. 
See e^;cr. / U:S. Patent No; 4^7oi>3'71 to Bell et al- at 
Col. 6 line 3 to Cdi 9 line 65; ^^m^ Patent No. 4,877,729 
to Clark' ^t al. at Col. 4 line 38 to Cbl 7 line 6; U.S. 
5 Patent No. 4,912,038 to Schilling at Col; 3 line 26 to 

Col. 14 line 12 (applicants specifically intend that the 
disclosure of these and all other patent references cited 
hetein be ihcorpbrated herein by reference). Protocols 
for restriction endontidlease digestion, preparation of 

10 vectors, DNA purification and other such procedures were 
essentially as described in standard cloning manuals. 
See Sambrook et al-. Molecular Cloning, a Laboratory 

^^^^ Manual, (2d Ed., Cold Spring Harbor Press, New York 

15 A vector ^ i^ DNA construct used to 

either amplify and/or %xpress^^I^ the gene of 

' ^ interest- ^ A suitable expression vector will have 
controliihg elements capable of expressing the cloned 
- : cDNA or ' geiioiaic IDNA placed in the correct orientation 
20 when the vector ' i^ introduced into the^ correct host. 

Such elements typically include But aire not limited to a 
promoter region ^ which^^- inters specifically with 

: cellxxiaf ^ proteins *■ iiivolved in transcription, enhancer 
elements Which can stimulate transcription many-fold from 
25 - linked heterologous promoters > a s^ acceptor and/or 

dorioir ^^molecui^s, arid tefiainertibn arid polyadenylation 
signals. Also rfequir^& is a' DNA sedpience for a ribosome 
binding site capable of 'per^^^^ translation which is 

' operably linked to the gen^ to be expressed . 

30 Recently, a miiscle-specitic promoter has been 

isolated which is positioned upstream of both the 
skeletal mtiscie structural gerie and the essential 
" 'proximal promoter element and is ^operably associated with 
daabX' (Vldxr and ftrdahl , Proc . ^ M Acadi Sci. USA £5, 
35 64 04-64 08 (1988)). Other 'exemplary promoters suitable 

■^^ for use in skeletal miiscie i?riclude pfbmoters assiociated 

r with the ^ g«cies^ ^ ' ^kpiressihg - ^ ^ ^ skeletal actin , 
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phosphoglxc§rat^ kinase .(PGKX/ dihydrofolate reductase 
(DHFR) / muscle creatinine, kinase, and fibroblast growth 
factor , the promoter for Herpes yirus , thymidine kinase , 
and prompters for viral long-terminus repeats, such as 
5 Rous Sarcoma Virus. . . 

- > . Vectors comprise, plasmids, viruses (e.g. 
; adenqyirus, cytomegaloyJLrus) , phage, and DNA fragments 

integratable into .the host genome by recombination. The 
vector replicates arid functions independe^ of the host 
10 genome..,.. . 

D. Gene Targeting 

- ; ,, Direqt PNA microinjection has been used 

successfully for laboratory animals , such as the mouse, 
j . and for large animals .such, a^ cattle, sheep, and 

15 pigs by injecting .^malL yo^ solutions into the 

pronuclei of newly j4ertil^ ova. s Use of this system in 
poultry, however^;. , has ... been limited. , , to the newly 
, fertilized egg; (befjore .ovipos^^ an In 

. L -vitro culture systCTi using a .combination of shel 1-less 
2 0 culture , with surrogate.-7eggshell , c^ (Rowlett and 

Simkiss, .Brit. ; P oult. . Sci. .2&, 91-101 ,( 1987) ; Perry, 
Nature 331, 70^72 (1988) ; Waito-et al,. . J. Exptl. Zool. 
^ 254/ 322-326 .(1990))., This, has allowed the 

. , microinjection of DN^^ cytoplasm of the avian egg 

'2?/i , at about ,. the tiiiie,. of the first cleavage divisions and has 
yielded , tr^nsient^^ escpression in the embryo (Sang and 
Perrv.. Mol. Renrod. and Dev. l. 98-106 (.1989)). 

In the, present invention,,. . the, DNA is injected 
or deposited .. directly into muscle tissue in the avian 
30 embifyo. By "muscle tissue"'. . is meant skeletal muscle 
: *=issu®, suqh as tlie breast muscle , or muscle in the 

;. ; . r, ®l*°^^^®^.9f t*^^^^^^^ ^^V^^. The DNA inay be deposited 

- >3 — ®^ suitable means, as discussed 

r ■^^■..-.P^^ ■^3.-'^yP^°^^^y_ deposited by inserting a 
: J^PA^-oW; syringe pc., needle, into ^,t^^ tissue and 

... ^. 4Bi®?*i'^9,..^ . 3^3)^.^,9^ ph^rma5:eutic:ally acceptable carrier 
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solution containing V the DNJ^-ciptb the muscle tissue, as 
discussed in greater detail i^^eiw. Injecting of the 
solution ;iaay be carried out before withdrawing the. needle 
from the muscle tissue or coincurrently with withdrawing 
5 ; the. needle from, the muscle tissue. In the eiabodiment 
.discussed below, injection is carried out by inserting 
the needle into and through the muscle tissue and the 
liquid discharged through the needle concurrently with 
withdrawing the needle through the muscle tissue, whereby 
; 10 r. DNA is deposited along >the entire path of needle 
, withdrawal in J:he muscle tissue. > 

^ . E. Methods of Introducing DNA Into Eggs . 

, V . Any suitable means -may be :used f or introducing 

the DNA in ovo , including.^ ±n ovo injectioriv^ high pressure 
15 , . spray through the egg shell/ and ballistic bombardment of 
. , the egg with micropartieles carrying the DNA construct. 
. ,n r Preferably,; <the deposited by >u depositing an 

/V . aqueous ^ pha^^ in the 

muscle, .which solution contains tii^^^ dejposited, 
20 Where in ovo injection is used tlie mechanism of 

injection is not critical; but it is preferred that the 
method ^not unduly .damage the tissues and organs of the 
embryo or the extraembryonic membranes ^ s it so 

that . the/ treatment will ; not decrea:se hatch rate. A 
25^ preferred injection site :i particularly 
skeletal muscle, and more particularly breast muscle and 
pipping muscle^ tissue/;; which are located near the 
eggshell and thus are relatively easily reached by 
- ; - injection apparatus without ^ damage to other embryonic 
30 structures and without compiromisirig the protection 

afforded by the eggshell . A hypodeanaic syringe fitted 
.with a needle of about 1^ for the 

s - V}^^^^^,' Dependring ;on the precise stage of development 

.. and position of the . embiryo , • a ^ one-inch ne^dlW .will 
, 35,^ , terminate either in the =fluid :above the chick or in the 
ch±ck y itsel f * -j A p ilo t v ho 1 e may- be ^ ptmched or dr il 1 ed 
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' through theL' sKail .prior . to insertion^ ' bf the needle to 
prevent damaging /or dulling of the vn if desired, 

the egg can' be ' sealed with a substantially bacteria- 
impermeable sealing material such as wax or the like to 
5 prevent subsequent entry of undesirable bacteria. 

It is envisioned that a high speed automated 
injection system foi- avian embryos will 'be particularly 
suitable for practicing the present invention. Numerous 
such devices are available, exemplary -being the EMBREX 
10 ; INOVOJECTv system (described o^ri U.S/ Patent 4,681,063 
to Hebrank) , and U.'S. Patents Nos. ^i; 040,^ 4,469,047, 
and 4,593,646 to Miller. The disclosure of these 
ref erences arid I all ::ref erences Cited herein are to be 
incorporated herein by -reference. All such devices, as 
/15 adapted for practicing thia present invention, comprise an 

u : injector c6ritainihg ;the pNA as described herein, With the 
/. injector positioned: to inject- ah egg carried by the 
S; apparatus with the DNA. In additioriV a keaiing apparatus 
- operatively associated with >thei in j ect ion apparatus may 
>2p : ^ be provided for ^sealing J the -hole in the egg after 
..r injection- thereof^.:;^,^ ^r::^^'i'i 

The . - currently :^ preferred apparatus ^ for 
practicing: the present invention is -disclosed in U.S. 
> r .c. Patent; No.^ 4, 681/063 > to Hebrarik .and U.S. Patent No. 
25 r 4, 903, ^625 tb ;Hebrahk, the disclosure of which are 
; - :v incorporated herein by reference; This device comprises 
an injection apparatus for delivering fluid sxibstances 
. ; - r into a plurality ^ of eggs and suction apparatus which 
^dmultanebuslyj ' engages and lifts a :^plurality of 
3 0 . individual eggs f rom^ their upwardly facing - portions and 
cooperates with the injector for injecting the eggs while 
M , the eggs , are engaged by; the suction' apparatus • The 
<^ .features of V this apparatus domtihed with the 

. features of the;:apparatus described above for practicing 
35: , the present" invention. Those skilled in the art will 
appre.ciate that; this device can be adapted for injection 
into any. portion of 1 the : egg-^^by ad j tasting the penetration 
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• depth of the injector, asqd^-fiicussed in greater detail 

■ ■* below* • - - • ■ 'j''-^ " ' ■ v^iX \ 

A particularly' preferred embodiment of an 
injection method^ and apparatus is schematically 
5 -illustrated by the Figure, v The method and apparatus is 
essentially as described above, but involve positioning 
an elongate injector or injection needle 10 at the large 
end 11 of the egg 12 at an angle (A) offset from the long 
axis 15 pf ,^said^ ^99/ v^^^ angle selected so that the 

10 needle is directed t^ the shoulder or breast of said 

.CTibryo 16.> The needle is then inserted through the shell 
of Jiie eggr alpng an essentially linear path of travel 
11, to a depth :s^f f icient to pass into the shoulder or 
breast of the embryo. -The substance to be deposited in 

15 . the egg, which may be either r a liquid or a syringable 
solid (but is preferably an aqueous solution containing 
the pNA as. described aboye) , is then injected through the 
•J needl e . ; In : a preferred embodiment ^ the needle is 

withdrawn -along the, e^^ lineayj path of travel, 

20 and the step; of injecting the substance, is carried out 

concurrently with the sfeep of withdrawing the needle so 
that the ,s\?JDstance is administered along the path of 
travel wi The wangle of offset (A) is 

; :r.^ sufficient: to enhance the probability of injecting into 

25 shoulder or breast , muscle; j Typically, the. angle is 1 to 

;5 degrees,/: and preferably thev^ angle is from 2 to 3 
degrees. The • needle > may r b^^ i^ to a depth 

sufficient beneath the egg shell 18 to pass into or pass 
into and through the shoulder or .breast of the embryo; 

30 typically , the: needle :;is inserted 7/8 , inches into the 

: . egg. The apparatus may be. modified to include means 

operably . associated with the apparatus; for positioning 
the egg at an angle with respect to the needle to achieve 
said angle (A) , such as by mounting and positioning the 

35 needles at an angle with respect to the suction 

apparatus . 

SUBSTITUTE SHEET 
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. jThes/present invention is explained further in 
the following non-limiting examples. , In these Examples, 
' "AtL*» means;: microliters, "/ig" means micrograms, "mL" means 
milliliters, "cc" means^ cubic centimeters, "mm" means 
5 millimeters/ "mM" means concentration in millimoles, "mg" 
means milligrams, "and 'V*C" means degrees Celsius. 
' ^ • •■"^ " ' > .. ,> ■ ^ 

; : EXAMPLE 1 

Injection of DKA In Ovb 

^ ' Using* the ISnbrex Ihbvojec described 
l6 ^ above, gene trahisfer is accomplisheid by ±^ 25, 50, 

or ibo Mg of pmiwz or pRSV-AbH DNA in m of phosphate 
buffered sa:iiiie (PBsy^ into the embtYo' in the region 
defined by the amnion at day 18 of incubation. Embryos 
' aire sacrificed at 19, 20, 6r ^21 days of incubation and 

15 muscle tissue is exfamiried histdlogicaily for construct 

expression. LacZ expression Is ex^ihed in living tissue 
^ - using^^a noh -toxic fluorescfent siabs1:rate (ImaGene™, 
^ ::r^MoleciLilar Probes,: Inc. ^ or rin^^^Tixed tiks^ using X-gal 
(Ueno- et ' al . , Develop J Growth ^ and Differ . 30(1), 61-73 
20 ' ' (1987))." ADH expression is examined in fixed tissues 
using 2-buta:riol-Oi(Ordahl,: su^^ a substrate 

' Which is. specific for Drosophila ADH and cannot be used 
■ by vertebrate: ADH. Therefore, ehdbgenbus expression is 

able vt(d be . distinguished from exogenous expression. 
25 - ' When a arconstructr is. expressed , the other 

f: injected embryos ^are allowed to hatch and are raised to 

1-2 weeks of age> ^ At various points during this time, 
the birds— are sacrificed andr the portion of muscle 
corresponding to the site of injection and expression in 
3 0 the 19-21 day embryos is analyzed for bacterial /9- - 

V, galaGtosidase or Drosophila ADH activity. 
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EXAMPLE2 

^ Pret>arati6ii; amd Iiiiectio^ into Muscle Tissue 

Tvra plasmid constructs pmiwZ and pRSV-IUX, 
w<bre used to evaluate gene transfer into muscle tissue. 
5 Plasmid pmiwZ consists of an J?. co2i 6-galactosidase 

reipoirter gene, a chicken a-cirystailine enhancer, and a 
Rous Sarcoma Virus (KSV) promoter; This construct was 
chosen to 1:ake advantage of the fact that the enhancer 
and promoter are active in muscle, and the histochemical 
10 assay for B-gaiactosidase is easy to pierform. However, 

the histocliemical stiining for 6-galactosidase is a 
qualitative assay. ' A constiruct, the pRSV-LUX 

plasmid, was chosen to provide a quantitative assay for 
gistne expression , aind to ' demonstrate that expression of 
is injected DNA in musdle is not specific to one particular 

plasmid bonstruct. Thii^ plasmid contains a firefly 
lucif erase reporter gene and an RSV promoter. Expression 
' of the gene product encodeid by the pRSV-LUX plasmid may 

> idfe jgujantitktively measufeci by a bidchemical assay that 

20 measures the iximirie^ce^ genejfated by the lucif erase 

' enzyme.''^ * ' ' ' 

^ Plasmid DNA was pxii-ified in a covalently closed 
circular torm. Sdlutidns to be injected consisted of 
250, 500, 750 or 1000 /ig/mL of DNA, and 50 /tL/mL of India 
25 Ink in Phosphate' Buffered Saline (PBS) . India ink was 

. used to mark the vprecise^ s^ at necropsy; 

it was hot met:abolized and thus persisted for at least 
* two weeks in the muscle. Each chick was injected at 

hatch in the back poirtioh of the thigh muscle with 100 fiLi 
30 of the appropriate dilution of DNA. Injection was 

carries out with a Icc syringe with a* 26 G 3/8 inch 
needle which was cbllaired so that the needle penetrated 
. V 2 delivered as 

the leg muscle wis gently ] squeezed erisure accurate 
35 placement of the needier were then placed in- 

pens f oif one or two .weeks/before being, euthanized with 
CO2 . " " ' " * ' 
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,1.. EXAMPLES 
Detection of PNA Constructs in Muscle Tissue by 
: Polymerase Chain Reaction 

Uptake of plasmid DNA by the muscle and persistence 
of the DNA molecules was measured, at one week 
post-injection>y a Polymerase Chain Reaction (PCR) -based 
procedure. To obtain DNA samples from muscle for 
analysis by PGR, muscle surrounding the site of injection 
was excised and placed in a , buffer- consisting of 50mM 
Tris pH8.0, 100 mM EDTA pHa.O, lOOmM NaCl, 1% SDS, and 
_ , . 0. 5 mg/ml proteinase K. . Afjter . in^ overnight at 

55 ''C, the samples were extracsted once ^ with an equal 
volume of phenol, ..once . witX an^ e volume of a 

phienolr^chlo^pjfprm solution and once with an 
15 equal volxune of qhlproform, then were precipitated in 
sodium acetate and ethanol. ,The DNA was resuspended in 
10 mM Tris pH,. ,8.0, , 1 mM. EDTA pH 8.0, and the 
poncentr^tipn was_ determined. were then 
y.. subjected to the , I?CR . f p techniques using 
29,^ vOligonucleotide . p;rimfrs specifia . for the E. coli 
S-galactosidase. PCR products were , examined by gel 
. eleqtrophoresis tp , detemine rthe presence or absence of 
the injected plasmid DNA. molequles. 



10 



, ^ EXAMPLE 4.., ■ 

Results Of PC R Assay on g-Galactosidase Persistence 

/; 'i-.r Muscle,- Tissue- 

> The procedure described in Example 3 produced 

the data shown in Table 1 below i 



TABLE 1' 



pkiya Present in One->Weefc Old Birds 



DNA dosiage (/igO : 


G 


, 25-- 


- ...50 


75 


100 


Total birds tested. ■ 




6 


:.:-5 . ■ 


5 


1 


|- Eositive'samples 


0 




'• 5-- 


4 


1 
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; Table 1: shows t>!a*: ,Tat all dosages of pmiwZ 
' tested, PGR indicates. .that,:the plasiuid persists in the 
muscle tissue proximate .to the infection site. 

Thus these data shoy that the DNA construct 
5 injected into . the muscle tissue is capable of residing, 

therein for atv least one week. . Also,, these results 
indicate that there are no nucleases present in the 
muscle tissue of .the newly hatched bird that preclude the 
maintenance of the PNA construct.. 

;1G r. ■■ EXAMPLES ^ 

Deteetion of B-?Galaetosidaae in H uaole Tissue 

Muscle tissue - was. obtained for histochemical 
staining for the detection of 6-galactosidase activity at 
4, 6, 7 and 14 days after injection of pmiwZ. Birds were 
15 ; . euthanized by " Cp^ and ; skin overlaying the site of 
. - clamp was positioned 

' ' around the site of injection (identified by the presence 
\ of India iriic staining): :OTd t^ trimmed around 

the clamp,; to free the Scunple from; the surrounding 
20 tissues. The clamped muscle was placed on a cheesecloth 

saturated with PisS and held at room temperature for 5 
minutes. The mUscle Was then removed - f the muscle 
clamp and frozen ' iii isopentane cooled with liquid 

' nitrogen. 
25 ' ' Frozen sections were^ p^ 

slides. Slides wer^ fixed for 10 - minutes at room 
temperature in 0.05M phosphate buffer pH 7.4, 0.2% 
glutaraldehyd^, 2% formaldehyde and 2 mM MgClz- The 
^ slides were Removed from the fixative and rinsed three 
3Q times "for twenty minutes each in a solution of 0.05 M 
' phosphate buffer pH 7.4, 2" mM MgClz ! and 0.02% NP-40. 
; :. .1 •^^.' siidW ' were then stained ^overnight in darkness in a 
> solution of 0.05 M phosphaite =buf f er pH 7.4, 0.5 mg/mL 

.'J'.;.;. . X-gai, 5 mM- potassliim ferricyanide,. 5 mM potassium 
' ■'35 ' ' ferrbcyahide, and -2 mM MgGl^. ■ . 
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' : ^'•Afi^er staining, -..the- slides were rinsed in 

distilled '^ate^^^^^^^^ Cells containing an 

active E. coll B-?^galactosidas;e p^rotein stained blue. By 

maintaining the fixative and staining solutions at pH 
7 • 4 , background staining \ of endogenous chicken 
galactosidase is eliminated. 
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EXAMPLE 6 

Results bt fl^^Galactoisidase Staining Assay 

Muscle biopsies according to the methods of 
Example 6 were performed and histochemically analyzed for 
the cdii 6/Tgalactosidaset p^ The results are 

shown below in Table 2 . ? : 



15 



20 





Detection of /S-Galactosidasie 


6 days postbatcb 


. . DNA dosage (M9) ^ 


P 


25 


50 


75 


100 


Total Birds ; Tested 


.....2 


. ,2,=. 


2 


1 


1 


Positive samples i 


0 . 


■, -2 


2 


1 


1 



These results demonstrate , that ^Injected DNA is 
capable of expressing act;ive protein in chick muscle up 
to 10 days post-^injectipn. . ^ 

These data indicate that (endogenous nucleases 
and protetases present bird did not block the 
expression of, the pmiwZ construct. 



EXAMPLE ? 

25 Detection of Lucif erase Activitv 

To avoid the need for precise identification of 
injection site, a construct encoding the firefly 

" . ' ■ V luc if eraser gene;-? pRSVtLUX was^^^^ luminescent 
signal ^ : produced .by this enzyme- is , ; detectable, in 

3 0 relatiyely; : low concentrations > which permits the 

inclusion of lairge amoxmts pf muscle tissue in samples to 
ensure that the injection site is included in the sample. 
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Zero, -25 and 50 Mg " of this: consS-ruct were injected into 
muscle' at day of hatch;, muscle was . harvested one week 

post- in j ection. 

To determine levels of luciferase activity in 
injected.:, muscle, muscle samples were harvested after 
euthanasia of chickens: and -immediately frozen in liquid 
nitrogen. Samples were, ground in a dry-ice cooled mortar 
, and pestle to a : fine .powder , resuspended in a lysis 
.Ijuffer, and, incubated at room temperature for 15 minutes. 
The extract was then subjected to three freeze-thaw 
cycles,, and centrifuged-.at 14,000 xg for 3 minutes. The 
.peUet was .resuspended in .fresh lysis buffer, and the 
procedure was repeated; as above Both supernatants were 
pooled and frozen -at .-.70 -C. Samples were then assayed 
for luciferase activity using a commercially available 
assay .systCTi (Promega) . 



20 



EXAMPLES 

Results of iiueif erase ^ etivitv Assay 
After injection according to the procedure of 
Example. 2 , and preparation of samples as described in 
Example 7 , samples were . analyzed for luciferase. .activity 
as measured in light units of: luminescence produced. The 
results are shown below in Table 3. 



25 



30 



TABLE 3 






liucexif erase kctiviij 


^' "Assay-- 


DNA dosage (jug) 


' ' 0 ■'. r 


25 


50 


Total birds tested 




. 7 


6 


Positive samples 


'■ '''' 6 ■■■ ■'■ ' 


' 4 " 


4 


.Luminescence: 
(Average light units) 


'.. . ov : 

1- •* ' : ' 


0.18 


0.26 



These data proyide cpnf irmatiox^ of the data of Example 8 
that, indicate. , the :exp.res.^s ion;, ^of protein, -by the in j ected 
DNA construct. These .'lata further indicate that the 
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10 



15 



quantity i rof I :prot-ein expressed cis. directly related to the 
amount of DNA- delivered during , injection, . 

^ > ■■• EXAMPLE 9 

In ovo Injection of fl-Galacteaidase Construct 

■ ■ ' The piasmid pmiWZ was prepared by the method 
described in Example 2. This preparation was injected 
mairiually into breast, pipping, or thigh- muscle tissue of 
day 18 or day 19 chick embryos. A 26 gauge, 3/8 inch 
needle was used^'for delivery. -The dosage was varied 
between 0, 25 and 50' ^9 of Plasmid in 100 of delivery 
vehicle. The ap^rtiire created by thfe- needle was sealed 
with polyethylene" film. v ' 

^ Birds weire hatched and euthanized with COj. 

Musdl^ samples^ wiere -prepared a^^^ by PGR through 

the procedure descrilsed in Example; 3./ ^ 



20- 



25 



30: 



* * ■ EXAMPLE 10 

Resiilts ■ ef TC R- Assa^ into Dav 18 and 

bay 19 Chick if?w>>TrY"*' 

The results of 'the PGR analysis of Example 10 
are shown in Table 4 bisldw.' Samples wiere taken only from 
birds upon which the injfectidn site could be detected. 





1 Persistence "of JnOvo Injected pmiwZ 


(50 ng) at hatch 


injection date- : 


Day^ 18 embryos ' 


Day 19 embryos 


Total Birds Tested 




6 


1 Positive Samples 


;■ , ■'. ■ v.:,;-.:- .,„ - . 


6 



I These data indicate -that a DNA construct 
.,inj,ected,.into. musclfe tissue \1j2 ■di^.I-can vjiersist in the 
muscle tissue to hatch. This finding suggests that 
muscle tisisue' cah^^bW Used as^^^t^ site for DNA 

cbnistructs whi^ih' wiO;'^^^^^ jbrbduce exogenous • proteins , and 
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thus intramuscular injection is a viable method for 
introducing, foreign DNA into birds. 

V EXAMPLE 11 

Muscle Injection Xn Ovo 

5 These experiments were conducted to evaluate 

injection methods for their ability to target embryonic 
muscle. 

I. Injection into breast regi on at 1" to 1 1/2" — (2.5 - 
3.8 cm) Depth. 

10 ■ This eatperimeht determined whether injections 

at depths of 1" f I. 5« '{2.5 - 3.8 cm) reached into the 
breast region of chick embryos. Day 18 or 19 embryonated 
boiler? eggs were injected with India ink/ 100 /iL in each 
egg, at various depths . ^ . Eggs were injected through the 

15 top (large end) . All injections were made utilizing 

automated single egg injection. ITo attempt was made to 
orieiit the eg^s with respect to the position of the 
embryo within the egg. Eggs were then broken open and 
examined visually 1:6 determine specifically where the dye 

20 was injected; 

Results aire shown in Table 5. The dye was 
in j ected into the ^bi^ast region from ^ 3 to 67% of the 
time, depefiding on the depth injection used. 
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Injection of Dav 18 and Dav 19 Eoas 



Day of 
IncubatioH^ 


Injection 
Depth 


Breast 
Region % 


other % 


Eggs 

Examined 


18 


1 i/2" ' 
Y3.8 cm^ • 


34 


66 


27 


19 


1 1/2" 
(3.8 cm) 


16 


84 


49 


18 


• -i" ; ' , 
(2.5 cm) 


■T:. 36:,;i.^ ■ 


64 ■ 


35 


19 


(2.5 cm) 


- , ..33 ;;= 


67 


28 


18 


1 1/4"" 
■ (3V1 'cm) 


67+ 


V'. '33 


33 


19 


11/8" 
= (2.8 cm)^ 


■ 3-. 


97 


30 



: II. Iniecl-ion inlio breast muscle- t:issue — 1 1/2" r3>8 
'\ J', cm), Depth , , .^^ 

r , . -FortY^^ine day 19 embryonated brpiler eggs were 

injected at 1 1/2" (3.8 cm) depth with 50, juL of India ink 
15 each, using a single .egg injector. Eggs were then broken 

_ open and examined . visually ^ t determine specifically 
V where ^the dye was>:;inje^ The embryo was found to be 

injected in 88% of eggs, and 16% of the injections 
entered breast muscle tissue. Results are shown in Table 
20 6. . 



TABLE 6 

Injection of Dav 19 Eaas l l/2»» (3>8 cm) Depth 



25 



Eggs 

Examined 


Neck 


Throat 


Breast 
Muscle 


Breast 
and 

Internal 


Lung or 

Body 

Cavity 


Yolk 
Sac 


Amnion 


49 


8% 


5% 


12% 


4% 


56% 


2% 


12% 
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III. Xniect:ion int:o breast muscle tiissue r7/8" depths > 

Day. 19 embryonated broiler eggs were injected 
, manually with 5 QmL oJ^ India ink at a depth of 7/8" (2-2 
cm) directly through the center of the axis. As above, 
5 eggs were broken open arid examined to determine whether 

' :the iieedle traVersied breast muscle tissue. An initial 
experiment found 42.7% 6f the injectiqns landed directly 
in the Breast ri^^ 35% landed subcutaneous ly on 

top^ of the breast muscle (Table 7) . 
10 J : ! • To insure the lack of injection accuracy was 

hot. due to poor jLncubat ion . conditions , the experiment 
described above was replicated at a second hatchery. 
Resultis were similar . (Data not shown) ♦ 

' TABLE 7, 

15 Injection of Day 19 Eaas ^7/^" <2,2 cm) Depth 



Eggs 

Examined 


Breast , 
Miisde 


Sub; ^. ... 
* cutaneous" ' 


Internal 


Amnion 


68 


42.7%. 


353% 




12% . 



IV/ Developmental Variation and Injection Accuracy 
20 The aircell depth of Day 18 and 19 embiryonated 
broiler eggs was determined to ascertain the 
developmental variability and the relationship of this 
variable to injection accuracy. The aircell depth 
decreases as the embryo grows and reorients into a 
25 pipping position. Automated egg injection was then used 
to inject 120,! eggs through the- 1^^ end) of the egg 

at a depth of 7/8" (2. ;;2 cm) with 50 /xL of India ink- 
Resultsf. are, shQwn in TaLble,_8^ ,89% .of -the eggs had an 
aircell depth; of ;3-6 mm; the- p.nj;ection accuracy was 
30 slightly high^ mm. The 

percentage; of injections placed directly into the breast 
, /muscle' was:, only. 31%. --^ ■ - - • 
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15 



20 



•:.::o-:- K^"^,: TABLETS 
VaHatio n and Effect of Aircell Depth of nav 1Q 
Broiler Eggs on Inie ctiipn Into the Breast Mugrle 



Aircell Depth l 2 
1 (mill) II ^ 


3 


4 ' 


.5 




.7 


8 


9 


Distribution % 3 


29 


27 


18 


13 


2 


5 


1 


Pipping % ,50 


.37. 


...6 ,": 


.5. 


0 


0 


0 


.:0 


1 Breast Muscle % , || 25 


' 20 


47 


,36 . 


19 : 


0 , 


33 


100 



V. injecrtjon of 'r)aiv 19 -Eaas at 7 /b» f2^2 crn\ n«ap^-h 

Two trials of 60 day 19 embryonated broiler 
eggs were carried out, with injection through the top 
(large end) at a depth of 7/8" (2.2 cm). .it was 
determined that the ihjectidns did not always directly 
hit the .breast- muscle; "but 'often .fir^^^ the back or 

shoulder of the .embpro' |nd t^ersed, /the- faody cavity to 
exit into or through th^^^ least 60% of 

■ th^ :. in j,^ct idnsA tfibse . indicated ■ - as " breast and 

f^^^*"®°^\. iiMscle .tissue .at some point. 

Results are shown ih^ Table' «9. 

Additionall of ^the internal injections 

^"^^^ ^^tercostal ri,bs. directly underneath 
the breast muscle.' 



25 



TABLETS 

Pve Placement, Foil oM j no Injection 7/8" (9.7 rm) 
Throuoh t he Top -of Da v 19 "Broiler Eqqs 





Eggs. / 
Examined 


Breast ' 
Muscle , 


subcu- 
taneous.. . 


In- ^ 
;ternal,. 


Amnion 


Embryo | 


Trial.l; 
Trial 2 


. ^O-vi. 
60 


■ -36 •.■ 
27 


,., , 22 

- : 15- 


34 

.. 37 


■•■.'■■.:3 
.3 


97 t 
97 


Average 


120 


31 


29 


36 


3 


97 1 



W0 93/I46« PCr/US93/00761 



-26- 



V. Injection at Incre ased Depth 

An experiment was performed wherein the 
injectioii dejith was- increased so that all injections 
would exit through the breast, and wherein India ink was 
5 injected as the needle was withdrawn (to leave a trail of 

the substance injected) . This determined whether the 
needle ' s path traverseii muscle cells ; 

Needles^' Were inserted into eggs and the eggs 
_ . • > ^ broicen open With the rieedle in place to visualize if and 
10 how- th^' needle had pehetrated the muscle tissue. 

Numerous observations utilizing this technique led to the 
following conclusions. The needle path depends partly 
' upon either the deveibjomentai ^tage of the embryo or upon 
variatibn 6f each individual embryo's position within the 
is "egg. As the embryo n^ars pipping, ^ his' head moves further 
■ ' ' imdernekth'the wing toward the eggshell / causing his back 
■it tb roil toward: "the center of ' the %gg. When in this 
pbbitioiiv a needle entetin^ top center of the egg 

will enter the back or shoulder of the embryo and 
2 0 traverse the body cavity sometimes ending either " in the 

breast mUsble or 'exiting the muscle tissue to land 
s\abcutaneously on top b% the breast muscle. Other times 
■ the needle will tr^Versi thei body cavity but never enter 
the breast muscle 'tissue, landing in the chest or 
' 25 ' abdomirial cavity. When the einbiyb is centered arbund the 
axis the needle enters between the wing and the chest 
either penetrating breast muscle, iskimming the breast and 
iahding directly iindetne'a^th the skin (but not penetrating 
muscld tissue)' or' entirely missing the breast and ending 
30 ' • in the amnion or entering the abdominal region. If the. 
- needle do4^ not ehter^ "the "center Of the egg, the 

.r; .... :i • in^ecfelon cah end' in the tiirbat or neck of the embryo. 
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EXAMPLE 12 
Angled Injection Through the Top 
of the Egg for Breast Muscle Targettingr 

Angling the in jecJ:ion needle toward or into the 
5 breast muscle was inyestigated to determine whether this 
would prevent the needle from skimming across the top of 
the breast^ muscle (resulting in subcutaneous injection) . 
This technology requires J^^rst orienting the embryo 
relative to the needle path.,, ,, Eaqjeriments were 
10 . conducted to determine, if thisi .technique would increase 
. . the percentage, of injections , made . d into the 

,^ muscle tissue. . 

. The best ^ngle for injection was determined by 
P^'^^i^? t,he .highest, part of the aircell 
15 ^ or „the_^,.. shoulder. . .Needles, were directed toward the 
.</ f houlder . or breast of ,.^the,, ,€an^ injection. 
.,; Needles (Urected iat , an .. angle, landed at a 

' ^frequericy of. . 60%, ,c?n ^ .the ^ breast. An 

^^9le of 2 . 5% hit .7 pf , 9 (7j8%) , einbryos tested in the 
- breast muscle, one , in .the throat and one on top of the 
breast or subcutaneous ly. . An angle of 2.5% was utilized 
in all future studies. 

A study. u;ti^ized 50 m.L India ink. injection and 
.compared angled to, perpendicular .injections. Results are 
in Ta^le 10, The angled injection, increased the 
' frequency of contacting muscle tissue by 40%. In a 
secpnd , study . investigating muscle injection using the 
^ixed needle technique, the .perpendicular technique 
penetrated muscle,jat ,some^ point in 54% of the eggs tested 
. (n=21) .wl?iilp the angled approach .tray(ersed muscle_ tissue 
in .90% (n=22 ) . A . siabseiguent study. ^f the. angled approach 
:. "^^I;i?i?*9 ;3- 0^8 -eggs deiuonstrated .an injection accuracy of 
92%. A siimmary of all experiments conducted utilizing 
the angled approach suggest that muscle tissue is 
penetrated with a 93% accuracy by this technique (Table 
11). 



20 
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Pprppnriicula r VS. Anoled Injection Te chnique 



5 



Technique 


Eggs 

ExaiiiTned 


Breast 
Muscle 


Sub- 
cutaneous 


Abdominal 
or Amnion 


Perpendicular 


18 


33% 


39% ■ 


28% 


Angi ed 


24 


71% 


21% 


8% 



TABLE 11 



Summary of Anoled Injection Trials 



Trial " 


Breast Muscle 
Hits - 


Eggs Examined 


% 


1 


17 


24 


" 71% 


2 


99 


108 


92% 


,.3... " r 


19 . 


, . .21 


90% 


4 


7 


9 


78% 


5 


15 


17 


88% 



15 ' ' The foregoing examples are illustrative of the 

present invention, and are not to be construed as 
limiting thereof. The invention is defined by the 
following claiias, with equivalents of the claims to be 
included therein. 
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TRAT WHICH ,^jXSr;CXAIH£0 IS: 

1. A method of altering the phenotype of a 
bird, coihprisirig" depositing DNA the muscle tissue of 
a bird contained within ah j^gg 'during in dvo incubation, 
said DNA effective to cause a.! change in phenotype in said 
bird after hatch . " , . ^ 

2. A method according —to claim 1, wherein 
said depositing step comprises injecting said DNA 
molecule into the muscle tissue of said bird. 

3 . ' a method according to claim 1 wherein said 
DNA lis introduceid into muscle tissue selected from the 
group consisting of breast muscle tissue and pipping 
muscle tissue. ' , f 

4. A method- according to claim Jl wherein said 
DNA comprises a ; recombinant DNA^ molecule . carried by a 

..vector... • . . ^ . _ } _ . . i ... . '* 

5. A method according to claim 4 wherein said 
vector is selected from the group consisting of plasmids, 
viruses, and phagre. 

6. A method according to claim 1 wherein said 
DNA is coupled with a liposome in a DNA-liposome complex. 

7. A method according to claim 1 wherein said 
bird is selected from the group consisting of chickens, 
turkeys, ducks, geese, quail and pheasants. 

8. A method according to claim 1 wherein said 
DNA is introduced during the last quarter of incubation. 

9. A method according to claim 1, wherein 
said DNA comprises a promoter functional in avian muscle 

^^UBSimn^ SHEET 
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tissue and ^a^ gene encodingv a p;^ptide or protein operably 
linked to ^said. promoter . - .'r re:- 

10. A method according to claim 9, wherein 
said gene encodes a protein or peptide selected from the 
group consisting of growth hormone ^ insulin-like growth 
factor, lymphokines, epidermal growth factor and thyroid 
releasing hormone. 

11. A method : according to claim 9, wherein 
said; gene jencodes ; a protective antigenic protein or 
peptide. 

: 12ur A method .according to claim 1, further 

comprising the step of incubating said egg to hatch. 

; ;^3. / A method c according to claim 12, further 
comprising::.the step of . raising sa at least an 

age at which said ch-ange in phenotype is expressed. 

14 . A method of immunizing a bird comprising 
depositing DNA in the muscle tissue of a bird contained 
: within an egg in. ovo, said: DNA being effective to induce 
an immune response in said bird. , - r v 

, - IS'. . A method according to claim 14, wherein 

■ said depositing step ^comprises: injecting said DNA into 
the musole tissue of said bird. 
■ ■ ' ■> . ' ■ ' ■' ■ *\ ' '' -A '■' ''■ 

16. A 'method according to claim 14 wherein 
said DNA J is injected into muscle; tissue, selected from the 
group consisting of breast muscle tissue and pipping 
•j: _ muscle:, tissue . - \ . ^-v . 

^- . . 17..:!: A .method, according ' to clai 14 wherein 

5 . V ^ said DNA comprises r a. recomtoiix^ carried by 

a vector** - , " - ' 
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V. rJ^a^a^, a method according to claim 17 wherein 
said vector is selected ; from the ;group consisting of 
plasmids^ viruses, and phage. 

,.19;: A method according to claim 14 wherein 
said DNA is coupled :with a : liposome in. a DNA-liposome 
■■.•' complex.' •„ 

20. A method according to claim 14 wherein 
said bird is selected from Ithe group consisting of 
chickens, turkeys, ducks/ geese, quail and pheasants. 

21. A method according to claim 14 wherein 
said DNA is . introduced during the last quarter of 

■ incubation^ \0 

22. A. method according to claim 14 wherein 
said DNA comprises a promoter fuhctional^in avian muscle 
tissue and a gene encoding a peptide or protein operably 
linked to said promoter. 

23 • A method according to cXaim 22, wherein 
- said gene encodes : a protective antigenic protein or 

peptide. J ^^^-v? ■ r.. , ^ .:; \ -:•>. 

24 i :icA method * according to claim 14, further 
: comprising: the step, of inciibatihg said egg to hatch. 

25. A method according to claim 24, furth^er 
comprising ?the% step of raising said bird to at least an 

5 age at whichv said immxine response is drfduced . 

26. A method of immunizing a bird in ovo 
comprising depositing DNA encoding an antigen in the 
musclejtissue/ of .a bird contained within an egg In ovo, 

-yy iwhichAegg eontaihs-tmaternal antibodies: w bind to said 



wo 93/14629 



PCr/US?3/00761 



-32- 

: antigen, said DNA being; deposited^ in an amount sufficient 
to neutralize; said materrial- a^ 

27. A method according to claim 26, wherein 
s said depositing step comprises in j ecting said DNA into 
5 ': > the. muscle tissue of said bird- 

, ; 28,. A method according to claim 26 wherein 

. said DNA is injected into, muscle tissue selected from the 
group consisting of : bre^^^^ tissue and pipping 

muscle tissue. 

10 / f. - .29 . . A method, according tp. claim 26 wherein 

said DNA comprises a. recombinant DNA molepule carried by 
: - a:: vector;.. 'i^.r- ..u ■■^ ■ 

. ; .30. , A .method .acpprding to claim 29 wherein 
^ , , said vector, is selected from. the. group consisting of 
15 plasmids, viruses, and phage. 

31. A method; :. according, to. claim 26 wherein 
,said ; DNA is^ coupled ^with a liposome in a,.. DNA-liposome 
complex. '.'k'-^"-.;' 

32. A method .accprdingv^to ; claim 26 wherein 
20 said bird is selected from the group consisting of 

chickens,, turkeys, ducks, geese,, quail and pheasants. 

^ 33 - .' A method accprdijig ■ to claim 26 wherein 
. said DNA . isv introduced during the last quarter of 
-•. incixbatipn* ■• •.■ ■ ■■ 

25 . ,34 . . A method/, according .to,, claim 26 wherein 

said DHA comprises a promoter functional in avian muscle 
; r{v tissue and a . gene- encoding a peptide or protein operably 

linked to sc^5-d ^promoter. .. ivx.vr.*. .''v-.. ixi-i-r. 
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'7 ; ^ 35Ti 'i^ 34, wherein 

said gene- ; encodes a protective, - antigenic protein or 
peptide. 

36. A method; according to claim 26, further 
5 comprising the step of incubating said egg to hatch. 

37. A method according to claim 36, further 
comprising the step of raising said bird to at least an 
age at which iinmiihe response ^ is- 

38. A method of introducing a substance into 
10 the- muscle tissue; of d . bird contained within an egg 

v V during in ovb^^'i^ comprising: 

a) positioning an elongate injection needle at 
the large end of the egg at an angle offset from the long 
axis of said egig,^ said angle selected so that the needle 

15 -is directed toward the shoulder or breast of said embryo, 
then --'i?:-^' -^^-""-^^ . • 

b) inserting said needle through the shell of 
said egg albhg an essentially linear path of travel to a 

. C depth suf f icient to: pass into the shoulder vor breast of 
20 said embryo, and then . ; 

b) injecting said substance into the egg 
- - through said needle • ^ ^ • ^ • 

^ ^ • — - >39.^' according to claim 38, said 

method further comprising the step of withdrawing said 

25 needle along baid' essentially linear path of travel; 

^ * and wherefin saiid step of injecting said 

substance is carried out concurrently with said step of 
withdrawing said needle so that said substance is 
administered alongx said path of travel . ^ ^ 

30 ^ ^ ; . : 40^: . a: method according to Claim 39 wherein 

said angle is from 1 to i 5 degrees; ;^ 
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' ^ " 41. A inethod ' ctcStii^iiig to ciaim 39 wherein 
said angle is from 2 to' 3 - degreesv- 

42. A method according to claim 39, wherein 
said needle is inserted to a depth sufficient to pass 

5 into and through the shoulder or breast of said embryo, 

43. A method according to Claim 3 9 wherein 
said needle is inserted 7/8 inches into said egg. 

44. A method according to Claim 3 9 wherein 
said substance comprises a DNA molecule. 

10 45. A method according to claim 39 wherein said 

bird is selected from the group consisting of chickens, 
turkeys, ducks, geese, quail and pheasants. 

.46. A method according to claim 3 9 wherein 
said sxibstance is introduced during the last quarter of 
15 incubation of said egg. 

47. A method according to claim 39, further 
comprising the step of incubating said egg to hatch. 

48. An apparatus for simultaneously injecting 
muscle tissue of avian embryos in a plurality of eggs, 

2 0 said device comprising: 

engaging means for engaging said plurality of 

eggs ; 

injection means cooperating with said engaging 
means for inserting an elongate needle through the shells 
25 of said eggs along an essentially linear path of travel 

to a depth sufficient to pass into the shoulder or breast 
of said embryo; and 

positioning means for positioning said elongate 
injection needle at the large end of said egg at an angle 



wo 93/14629 PCT/US93/00761 



offset- frqra^thevl^^ of said egg so that said needle 

is directed .tpwar^ shoulder, or breast of said embryo. 

49. . An apparatus according to claim 48, 
I wherein: said engaging metans comprises suction means for 
5 r: simultaneously lifting a plurality of. individual, eggs. 
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